Introduction {#ejhf1539-sec-0001}
============

Cardiovascular (CV) disease, especially heart failure (HF), and cancer are the two major causes of death worldwide. HF‐related mortality rates in Europe were estimated to be 23.6% for acute HF and 6.4% for chronic HF, whereas the rates for the combined endpoint of mortality or HF hospitalisation within 1 year were 36% for acute HF and 14.5% for chronic HF.[1](#ejhf1539-bib-0001){ref-type="ref"} At the same time, more than one quarter of all people in Europe die of cancer, and cancer accounts for an even higher share (∼30%) of deaths among men than among women (∼25%).[2](#ejhf1539-bib-0002){ref-type="ref"}

Thanks to better prevention, smoking ban, dietary measures but also improvement in treatment, with combinatorial medication and early percutaneous cardiac intervention, HF mortality has declined in recent decades but at the same time, cancer‐related mortality appears to have risen.[3](#ejhf1539-bib-0003){ref-type="ref"} Historically, in epidemiological studies, mortality was often categorised as being either due to CV disease, non‐CV disease (e.g. cancer), or 'other'. Yet, a sizeable proportion of patients will develop both HF and cancer. Indeed, the field of cardio‐oncology has attracted increasing interest, as cancer survivors might develop HF as a result of chemotherapy, radiotherapy and immunotherapy, often in combination.[4](#ejhf1539-bib-0004){ref-type="ref"}, [5](#ejhf1539-bib-0005){ref-type="ref"} As a result, it is now advocated that in cancer patients, their HF risk factors must be assessed (preferably at baseline, i.e. before cardio‐toxic treatment), and also that such patients should be monitored long term for development of HF and be treated aggressively, if needed.[6](#ejhf1539-bib-0006){ref-type="ref"}, [7](#ejhf1539-bib-0007){ref-type="ref"}

In recent years, epidemiological studies have reported that the reverse may also be true, i.e. that the incidence of cancer in patients with HF is elevated.[8](#ejhf1539-bib-0008){ref-type="ref"}, [9](#ejhf1539-bib-0009){ref-type="ref"}, [10](#ejhf1539-bib-0010){ref-type="ref"}, [11](#ejhf1539-bib-0011){ref-type="ref"}, [12](#ejhf1539-bib-0012){ref-type="ref"} Identification of those HF patients at particular risk for cancer will be a scientific goal for the coming years. Furthermore, recently, a neutral study regarding the latter association has been published.[13](#ejhf1539-bib-0013){ref-type="ref"} In order to provide the reader with a summary of published results, we summarize the current available data in *Table* [1](#ejhf1539-tbl-0001){ref-type="table"}. These data show that cancer development and related mortality are substantial in patients with HF. However, no attention or (CV disease‐related) guidelines or recommendations currently exist with regard to how best identify or treat cancer in patients with prevalent CV disease. Furthermore, these studies only point to an association between HF and cancer, but the pathophysiological mechanisms underlying this association, i.e. the mechanisms involved, have remained unclear.

###### 

Overview of clinical studies addressing the incidence of cancer in patients with heart failure (primary outcome)

+-----------------------+------------------------------------+----------------------------------------------------+------------------+--------------------------------------------+-------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------+-------------------------------------------------------------------------------------------------------------------------------+
| Study                 | Design                             | Population                                         | Patients, *n*    | Follow‐up period (years)                   | Primary outcome                                                                                                                                                                                                                     | Secondary outcomes                                                                                                            |
+:======================+:===================================+:===================================================+:=================+:===========================================+:====================================================================================================================================================================================================================================+:==============================================================================================================================+
| Hasin *et al*.^8^     | Case‐control                       | General population with or without HF              | Total: 1192      | 7.7 ± 6.4                                  | HR 1.68, 95% CI 1.13--2.50 adjusted for BMI, smoking, and co‐morbidities                                                                                                                                                            | Incident cancer increased the risk of death: HR 1.56, 95% CI 1.22--1.99 adjusted for age, sex, index year, and co‐morbidities |
|                       |                                    |                                                    |                  |                                            |                                                                                                                                                                                                                                     |                                                                                                                               |
|                       |                                    |                                                    | HF: 596          |                                            |                                                                                                                                                                                                                                     |                                                                                                                               |
|                       |                                    |                                                    |                  |                                            |                                                                                                                                                                                                                                     |                                                                                                                               |
|                       |                                    |                                                    | Cancer: 102      |                                            |                                                                                                                                                                                                                                     |                                                                                                                               |
+-----------------------+------------------------------------+----------------------------------------------------+------------------+--------------------------------------------+-------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------+-------------------------------------------------------------------------------------------------------------------------------+
| Hasin *et al*.^9^     | Prospective cohort study           | Post‐MI with or without HF                         | Total: 1081      | 4.9 ± 3.0                                  | HR 1.71, 95% CI 1.07--2.73 adjusted for age, sex, and Charlson co‐morbidity index                                                                                                                                                   | Incident cancer increased the risk of death: HR 3.91, 95% CI 1.88--8.12                                                       |
|                       |                                    |                                                    |                  |                                            |                                                                                                                                                                                                                                     |                                                                                                                               |
|                       |                                    |                                                    | HF: 228          |                                            |                                                                                                                                                                                                                                     |                                                                                                                               |
|                       |                                    |                                                    |                  |                                            |                                                                                                                                                                                                                                     |                                                                                                                               |
|                       |                                    |                                                    | Cancer: 28       |                                            |                                                                                                                                                                                                                                     |                                                                                                                               |
+-----------------------+------------------------------------+----------------------------------------------------+------------------+--------------------------------------------+-------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------+-------------------------------------------------------------------------------------------------------------------------------+
| Rinde *et al*.^10^    | Prospective population‐based study | Patients with either a MI or not                   | Total: 28 763    | 15.7                                       | HR 1.46, 95% CI 1.21--1.77 adjusted for age, sex, BMI, systolic blood pressure, diabetes mellitus, HDL cholesterol, smoking, physical activity and education level                                                                  | Increased cancer incidence highest during the first 6 months post‐MI: HR 2.15, 95% CI 1.29--3.58                              |
|                       |                                    |                                                    |                  |                                            |                                                                                                                                                                                                                                     |                                                                                                                               |
|                       |                                    |                                                    | MI: 1747         |                                            |                                                                                                                                                                                                                                     | 3 years post‐MI risk of incidence cancer: HR 1.60, 95% CI 1.27--2.03                                                          |
|                       |                                    |                                                    |                  |                                            |                                                                                                                                                                                                                                     |                                                                                                                               |
|                       |                                    |                                                    | Cancer: 146      |                                            |                                                                                                                                                                                                                                     |                                                                                                                               |
+-----------------------+------------------------------------+----------------------------------------------------+------------------+--------------------------------------------+-------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------+-------------------------------------------------------------------------------------------------------------------------------+
| Banke *et al*.^11^    | Prospective study                  | HF subjects                                        | Total: 4 949 968 | 4.5 ± 2.3                                  | IRR 1.24, 95% CI 1.15--1.33 adjusted for age, sex                                                                                                                                                                                   | After 180 days: IRR 1.17, 95% CI 1.08--1.27                                                                                   |
|                       |                                    |                                                    |                  |                                            |                                                                                                                                                                                                                                     |                                                                                                                               |
|                       |                                    | (LVEF \< 45%) compared to the general population   | HF: 9307         |                                            |                                                                                                                                                                                                                                     | After 365 days: IRR 1.14, 95% CI 1.05--1.24                                                                                   |
|                       |                                    |                                                    |                  |                                            |                                                                                                                                                                                                                                     |                                                                                                                               |
|                       |                                    |                                                    | Cancer: 975      |                                            |                                                                                                                                                                                                                                     |                                                                                                                               |
+-----------------------+------------------------------------+----------------------------------------------------+------------------+--------------------------------------------+-------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------+-------------------------------------------------------------------------------------------------------------------------------+
| Berton *et al*.^12^   | Prospective study                  | Post‐MI                                            | Total: 589       | 17                                         | IR 17.8 cases/1000 person‐years                                                                                                                                                                                                     | Incident cancer increased the risk of death: HR 1.8, 95% CI 1.1--2.9                                                          |
|                       |                                    |                                                    |                  |                                            |                                                                                                                                                                                                                                     |                                                                                                                               |
|                       |                                    |                                                    | MI: 589          |                                            |                                                                                                                                                                                                                                     |                                                                                                                               |
|                       |                                    |                                                    |                  |                                            |                                                                                                                                                                                                                                     |                                                                                                                               |
|                       |                                    |                                                    | Cancer: 99       |                                            |                                                                                                                                                                                                                                     |                                                                                                                               |
+-----------------------+------------------------------------+----------------------------------------------------+------------------+--------------------------------------------+-------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------+-------------------------------------------------------------------------------------------------------------------------------+
| Selvaraj *et al*.^13^ | Pooled RCTs                        | PHS I: control vs. low‐dose aspirin and β‐carotene | Total: 28 341    | 19.9 \[25th--75th percentile: 11.0--26.8\] | HR 1.02, 95% CI 0.84--1.25 adjusted for enrolment group, race, cigarette smoking (never, former, current), alcohol use, aspirin use, family history of cancer, cirrhosis, proton pump inhibitor or H2 blocker use, and sun exposure | No increased risk of cancer death: HR 1.16, 95% CI 0.82--1.65 adjusted for the same model as the primary outcome              |
|                       |                                    |                                                    |                  |                                            |                                                                                                                                                                                                                                     |                                                                                                                               |
|                       |                                    | PHS II: control vs. vitamin supplementation        | HF: 1420         |                                            |                                                                                                                                                                                                                                     |                                                                                                                               |
|                       |                                    |                                                    |                  |                                            |                                                                                                                                                                                                                                     |                                                                                                                               |
|                       |                                    | Self‐reported HF, no data on cardiac function      | Cancer: 177      |                                            |                                                                                                                                                                                                                                     |                                                                                                                               |
+-----------------------+------------------------------------+----------------------------------------------------+------------------+--------------------------------------------+-------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------+-------------------------------------------------------------------------------------------------------------------------------+

BMI, body mass index; CI, confidence interval; HDL, high‐density lipoprotein; HF, heart failure; HR, hazard ratio; IRR, incidence rate ratio; LVEF, left ventricular ejection fraction; MI, myocardial infarction; PHS, Physicians\' Health Study; RCT, randomised clinical trial.

In the present review, we will discuss this possible relation between HF and cancer. We will try to dissect the potential mechanisms to explain this phenomenon, including circulating factors but also other mechanisms such as inflammation, neuro‐hormonal activation, oxidative stress, and the influence of CV risk factors and of common CV medication. Furthermore, we will discuss existing controversies and knowledge gaps.

Epidemiology of incident cancer in heart failure {#ejhf1539-sec-0002}
================================================

Heart failure: a disease of co‐morbidities {#ejhf1539-sec-0003}
------------------------------------------

Heart failure is the most deadly disease in the CV disease domain, characterised by abnormal cardiac structure and/or function, with typical signs and symptoms and a negative impact on quality of life.[14](#ejhf1539-bib-0014){ref-type="ref"} The prognosis of patients with HF is poor, with a 5‐year and 10‐year survival rate of only ∼50% and ∼25%, respectively. This accounts for both patients with HF with reduced (HFrEF) and preserved (HFpEF) ejection fraction.[15](#ejhf1539-bib-0015){ref-type="ref"}, [16](#ejhf1539-bib-0016){ref-type="ref"}

Historically, cardiologists assumed that most patients with HF will die either from HF itself or from other CV causes, especially in HFrEF.[17](#ejhf1539-bib-0017){ref-type="ref"} However, many patients with HF currently die from non‐CV causes.[18](#ejhf1539-bib-0018){ref-type="ref"}, [19](#ejhf1539-bib-0019){ref-type="ref"} In fact, depending on age and aetiology, non‐CV mortality rates range between 20% and 50%. *Figure* [1](#ejhf1539-fig-0001){ref-type="fig"} displays the mode of non‐CV deaths of three recent large randomised clinical trials in HFpEF and HFrEF, which reveal that 34--39% of all non‐CV deaths were related to cancer. Of note, mortality was much more often due to cancer than for instance renal function, stroke, infection/sepsis, or chronic obstructive pulmonary disease,[20](#ejhf1539-bib-0020){ref-type="ref"} which all are co‐morbidities that have been studied in detail, and are well accepted as relevant prognostic factors in the setting of HF. Clearly, the adjudication of cancer endpoints and cancer‐related deaths in CV endpoint trials may have been limited and not fully correct. Therefore, in future CV and HF trials, we call for multidisciplinary adjudication committees, where non‐CV death is reported and adjudicated in more detail.

![Non‐cardiovascular (CV) death accounted for ∼30% in the iPRESERVE and TOPCAT trials, enrolling patients with heart failure with preserved ejection fraction (HFpEF), and for 15% in the PARADIGM‐HF trials, enrolling patients with heart failure with reduced ejection fraction (HFrEF). In all trials, cancer was the dominant cause of non‐CV death, accounting for 35--40% of non‐CV deaths. Data shown for the: (*A*) Irbesartan in Heart Failure With Preserved Systolic Function (iPRESERVE); (*B*) Treatment of Preserved Cardiac Function Heart Failure With an Aldosterone Antagonist (TOPCAT); and (*C*) Prospective Comparison of ARNI with an ACE‐Inhibitor to Determine Impact on Global Mortality and Morbidity in Heart Failure (PARADIGM‐HF).](EJHF-21-1515-g001){#ejhf1539-fig-0001}

As described, it has been acknowledged that HF and cancer may coincide. However, the literature has almost exclusively focused on HF as a consequence of cancer and its related therapies, such as chemotherapy and radiation.

Heart failure and cancer development {#ejhf1539-sec-0004}
------------------------------------

One of the first studies examining the association between HF and the development of cancer investigated 961 subjects with HF incidence and compared them to 961 matched controls. In order to explore the incidence of cancer among HF patients, all patients with a prior cancer diagnosis were excluded. During an average follow‐up of 7.7 ± 6.4 years, HF patients had a 60% higher risk of developing cancer \[hazard ratio (HR) 1.60, 95% confidence interval (CI) 1.14--2.26\]. This elevated risk was maintained following adjustments for body mass index, Charlson co‐morbidity index and smoking. No statistically significant difference in sex and age interaction was observed. A time‐dependent interaction was found, with an increased risk of cancer in a later time period, suggestive that cancer development had not yet begun at the time of HF diagnosis, but may be provoked by new‐onset HF. Cancer incidence in HF patients resulted in an elevated risk of death (HR 1.68, 95% CI 1.33--2.14).[8](#ejhf1539-bib-0008){ref-type="ref"} A post‐hoc study of the same cohort, which only included those who developed HF following a myocardial infarction (MI), revealed that post‐MI HF was also associated with an increased risk for cancer. Twelve per cent of the individuals developed cancer compared to 8% who did not develop HF after MI during a follow‐up period of 4.9 ± 3.0 years (HR 2.16, 95% CI 1.39--3.35).[9](#ejhf1539-bib-0009){ref-type="ref"} In a large general cohort (\> 28 000 subjects), in which cancer incidence and MI were reported, an increased cancer incidence was also observed in those who had a prior MI. This effect was more pronounced among women than men.[10](#ejhf1539-bib-0010){ref-type="ref"}

A second study used data from the Danish National Register to evaluate the risk of HF with respect to new‐onset cancer among over 9000 subjects with HF but without a prior cancer diagnosis. In comparison to the general population, the incidence rate of cancer increased in those with HF (HR 1.24, 95% CI 1.15--1.33). Importantly, this observation persisted in the first year following the diagnosis of HF.[11](#ejhf1539-bib-0011){ref-type="ref"} This finding was recently confirmed in a non‐Caucasian population: a large retrospective study of over 5000 Japanese HF patients concluded that cancer incidence occurred four times more often than in controls.[21](#ejhf1539-bib-0021){ref-type="ref"}

In order to shed further light on the interaction between CV disease and incidence of cancer, another study reported on abnormal wall motion during stress echocardiography as a proxy for CV disease. It was demonstrated that in addition to CV mortality (HR 1.18, 95% CI 1.03--1.35), abnormal stress echocardiography also predicted new‐onset cancer (HR 1.19, 95% CI 1.16--1.73).[22](#ejhf1539-bib-0022){ref-type="ref"}

In contrast, a recently published post‐hoc analysis of the Physicians\' Health Studies I and II did not confirm the association between HF and all‐cancer incidence or site‐specific cancer incidence.[13](#ejhf1539-bib-0013){ref-type="ref"} This study differed in that it only included males, and more importantly, HF was primarily recorded through self‐reporting instead of clinical or echocardiographic findings, as has been discussed previously.[23](#ejhf1539-bib-0023){ref-type="ref"}

Most of the studies described above focus on HF after MI, and therefore would largely include HFrEF patients. Other studies do not mention the subtype of HF, and only report that HF was present based on the Framingham criteria or was self‐reported. Therefore, we can only speculate that the effects observed are based upon ischaemic HF, and studies on non‐ischaemic HF, including in particular HFpEF, are clearly needed.

Clearly, the presence of a second lethal disease in the setting of HF has strong prognostic implications. Indeed, in HF patients, an increasing number of non‐cardiac co‐morbidities is associated with a higher risk for all‐cause hospital admissions (*P* \< 0.001).[24](#ejhf1539-bib-0024){ref-type="ref"} These co‐morbidities, including cancer, had similar impacts on mortality in patients with HFpEF compared with those with HFrEF.[24](#ejhf1539-bib-0024){ref-type="ref"} A recent position statement from the Heart Failure Association called for greater attention to cancer incidence in patients with prevalent HF because physicians are faced with multiple dilemmas.[25](#ejhf1539-bib-0025){ref-type="ref"} Patients with HF diagnosed with cancer have higher mortality rates after any type of cancer treatment. These patients, often receiving cardiotoxic drugs, should be under strict surveillance. Physicians should strive to optimize HF therapy before anti‐cancer treatment of any sort is initiated. On the other hand, cancer patients receiving therapy might endure complications either due to cancer or cancer therapy including hypotension, electrolyte depletion and acutely worsening renal function caused by vomiting and/or diarrhoea. All these factors influence current HF therapy. Treatment dose might be reduced or treatment completely stopped. A close collaboration between cardiologists and oncologists is fundamental to improve the management of these patients, with both specialists understanding the benefits of therapy for HF and cancer, and the risks of withholding or sub‐optimally treating either or both diseases.[25](#ejhf1539-bib-0025){ref-type="ref"} Recent evidence highlights a direct interaction between HF and cancer development, as discussed below.

Shared risk factors between heart failure and cancer {#ejhf1539-sec-0005}
====================================================

Hypertension, obesity, smoking, diabetes and poor lifestyle are all associated with both CV disease and cancer incidence.[26](#ejhf1539-bib-0026){ref-type="ref"}, [27](#ejhf1539-bib-0027){ref-type="ref"}, [28](#ejhf1539-bib-0028){ref-type="ref"}, [29](#ejhf1539-bib-0029){ref-type="ref"} *Table* [2](#ejhf1539-tbl-0002){ref-type="table"} summarises the meta‐analysed HRs of shared risk factors for HF and cancer incidence. The associations suggest that modifications of risk factors, usually with the aim of lowering the risk of CV disease, might help reduce susceptibility to cancer as well. We recently published a review dedicated to shared risk factors between HF and cancer.[30](#ejhf1539-bib-0030){ref-type="ref"} Therefore, we only briefly touch upon important risk factors in this paragraph.

###### 

Hazard ratio (95% confidence interval) of different risk factors in association with either heart failure or cancer incidence[26](#ejhf1539-bib-0026){ref-type="ref"}, [27](#ejhf1539-bib-0027){ref-type="ref"}, [28](#ejhf1539-bib-0028){ref-type="ref"}, [29](#ejhf1539-bib-0029){ref-type="ref"}

  Risk factor                                               Incidence of heart failure[a](#ejhf1539-note-0003){ref-type="fn"}   Incidence of cancer
  --------------------------------------------------------- ------------------------------------------------------------------- ----------------------------------------------------------
  BMI[b](#ejhf1539-note-0004){ref-type="fn"}, per kg/m^2^   1.03 (1.01--1.06)                                                   1.08 (1.06--1.10)
  Smoking                                                   1.84 (1.46--2.32)                                                   1.68 (1.65--1.72)
  Diabetes mellitus                                         1.41 (1.12--1.79)                                                   1.10 (1.03--1.18)
  Hypertension                                              1.65 (1.33--2.06)                                                   1.03 (0.98--1.09)
  Heart rate[b](#ejhf1539-note-0004){ref-type="fn"}         1.02 (1.01--1.03)                                                   1.09 (1.01--1.18)[c](#ejhf1539-note-0005){ref-type="fn"}

BMI, body mass index.

Study population (Health ABC, PREDICTOR, PROSPER).

Hazard ratios are expressed per 1‐unit increase in continuous risk factors.

Per 10 b.p.m. increase.

Hypertension {#ejhf1539-sec-0006}
------------

Hypertension is a silent yet extremely prevalent risk factor that represents a significant contributor to CV disease,[31](#ejhf1539-bib-0031){ref-type="ref"} especially for HF.[32](#ejhf1539-bib-0032){ref-type="ref"} In men, a 10 mmHg increment was related to an increased risk of cancer incidence (HR 1.07, 95% CI 1.04--1.09). Further, a 10 mmHg increment in blood pressure both in men and women was associated with cancer‐related mortality (HR 1.12, 95% CI 1.08--1.15 and HR 1.06, 95% CI 1.02--1.11, respectively).[33](#ejhf1539-bib-0033){ref-type="ref"} Mechanistically, the interaction between hypertension and cancer does not appear very straightforward. Vascular endothelial growth factor might play a role due to the promotion of vascular formation, a key phenomenon in tumorigenesis.[34](#ejhf1539-bib-0034){ref-type="ref"}, [35](#ejhf1539-bib-0035){ref-type="ref"} The effects of anti‐hypertensive medication related to cancer incidence are discussed in further detail below.

Obesity {#ejhf1539-sec-0007}
-------

Obesity is also connected to both HF and cancer. Today it is estimated that one out of five types of cancer is related to obesity.[36](#ejhf1539-bib-0036){ref-type="ref"} Obesity is associated with a chronic pro‐inflammatory state, which could cause DNA damage and increase the likelihood of malignant mutations and cancer incidence.[37](#ejhf1539-bib-0037){ref-type="ref"}

Furthermore, fatty tissue is thought to function as a large endocrine organ that produces large amounts of oestrogen, rendering women more vulnerable to hormone‐driven cancers including ovarian and breast cancer.[38](#ejhf1539-bib-0038){ref-type="ref"} In addition to hormones, numerous adipokines are secreted by adipose tissue, resulting in a very complex and deleterious secretome.[39](#ejhf1539-bib-0039){ref-type="ref"} Several studies are investigating the effects of epicardial fat.[40](#ejhf1539-bib-0040){ref-type="ref"} These factors can either stimulate or inhibit cell growth. One of the best studied adipokines is leptin, which has cell‐proliferative effects.[41](#ejhf1539-bib-0041){ref-type="ref"} This effect contrasts with another adipokine, adiponectin, which is less abundant in obese people than in those of average weight, and is reported to have anti‐proliferative effects.[41](#ejhf1539-bib-0041){ref-type="ref"}

In addition, obese subjects have increased insulin levels and insulin‐like growth factor (IGF)‐1. This often precedes the development of type 2 diabetes. High levels of IGF‐1 have been associated with the development of cancer.[42](#ejhf1539-bib-0042){ref-type="ref"} Subjects who have lower weight gain during adulthood experience a reduced risk of colon cancer.[43](#ejhf1539-bib-0043){ref-type="ref"}

Evidence that weight loss might reduce cancer risk has also been derived from bariatric surgery cohorts: obese people who have bariatric surgery appear to have a lower risk of obesity‐related cancers compared to obese people who did not have bariatric surgery.[44](#ejhf1539-bib-0044){ref-type="ref"} Akin to cancer, the relationship between obesity and HF is complex. Obese people do have a higher risk of developing HF, but seem to have a survival advantage, which is called the 'obesity paradox'[45](#ejhf1539-bib-0045){ref-type="ref"} and is also being investigated in patients with cancer.[46](#ejhf1539-bib-0046){ref-type="ref"}

Smoking and air pollution {#ejhf1539-sec-0008}
-------------------------

Smoking sets off multiple damaging mechanisms, one key component of which is nicotine, which has also been implicated in the pathogenesis of both CV disease and cancer.[47](#ejhf1539-bib-0047){ref-type="ref"}, [48](#ejhf1539-bib-0048){ref-type="ref"} It is associated with the development of atherosclerotic disease and acute MI.[49](#ejhf1539-bib-0049){ref-type="ref"} Given the overwhelming evidence that smoking causes cancer and CV disease, it is highly likely that smoking‐related cancer is also prevalent in patients with CV disease.[50](#ejhf1539-bib-0050){ref-type="ref"} Among post‐MI patients, exposure to nitrogen oxides, a proxy measure for traffic‐related air pollution, was associated with increased cancer incidence (HR 1.06, 95% CI 0.96--1.18) and cancer mortality (HR 1.08, 95% CI 0.93--1.26).[51](#ejhf1539-bib-0051){ref-type="ref"}

Diabetes mellitus {#ejhf1539-sec-0009}
-----------------

Given the current availability of strict glycaemic control and high‐quality insulin therapy, diabetes mellitus (DM) rarely leads to severe cardiac dysfunction on its own.[52](#ejhf1539-bib-0052){ref-type="ref"} The insulin‐cancer hypothesis postulates a central role played by elevated levels of IGF, which promote cell proliferation.[53](#ejhf1539-bib-0053){ref-type="ref"} Meta‐analyses have indicated an increased risk of colorectal cancer, prostate cancer and premenopausal breast cancer associated with high serum levels of IGF.[54](#ejhf1539-bib-0054){ref-type="ref"} A large Italian registry (over 400 000 subjects) compared those with and without DM. During a follow‐up of 10 years, the cancer incidence rate ratio was 1.22 (95% CI 1.15--1.29). This risk already existed 2 years after the DM diagnosis.[55](#ejhf1539-bib-0055){ref-type="ref"}

Healthy lifestyle {#ejhf1539-sec-0010}
-----------------

Lifestyle modification is a powerful tool in combatting CV disease, but reducing CV risk factors may also reduce cancer incidence. In a study including over 13 000 participants and 17--19 years of follow‐up, healthy behaviours such as smoking cessation, increased physical activity, weight loss, healthy diet, reductions to total cholesterol and blood pressure and adequate blood sugar control were shown to facilitate a lower incidence of CV disease as well as a lower incidence of cancer.[56](#ejhf1539-bib-0056){ref-type="ref"} These findings supplement the growing literature that cancer may be amenable to improvements regarding CV risk factors and the treatment of CV disease.[57](#ejhf1539-bib-0057){ref-type="ref"} Indeed, participants who met their personal targets regarding six of these goals demonstrated a 51% lower risk of cancer incidence than controls who did not alter their lifestyle.

Another large, recent prospective cohort study of over 400 000 subjects showed that chronic disease burden was independently associated with cancer incidence. A chronic risk score was assembled, comprising CV disease, diabetes, chronic kidney disease, pulmonary disease and gouty arthritis, all of which were individually associated with incident cancer or cancer death risk.[29](#ejhf1539-bib-0029){ref-type="ref"} However, the accumulative score of chronic diseases was most strongly associated (in a dose--response manner) with an increased risk of cancer incidence and cancer death. The same study reported that increased physical activity was associated with a 40% reduction in cancer incidence and cancer‐related death.[58](#ejhf1539-bib-0058){ref-type="ref"}

Pathophysiology: circulating factors {#ejhf1539-sec-0011}
====================================

In HF, numerous proteins are secreted by the heart and affected organs, which has sparked interest in their use as biomarkers to facilitate diagnosis, to risk stratify patients or to target treatments. However, a substantial number of these circulating factors are in fact biologically active proteins that may exert effects on peripheral organs, including tumours.[59](#ejhf1539-bib-0059){ref-type="ref"}, [60](#ejhf1539-bib-0060){ref-type="ref"} Examples of known pro‐cancerous factors that are elevated in HF and are secreted are tumour necrosis factor‐α, interleukin (IL)‐6, IL‐1 and vascular endothelial growth factor.[61](#ejhf1539-bib-0061){ref-type="ref"} However, whether the heart itself behaves as a true endocrine organ remains unclear.

Recent work from our group has demonstrated direct and causal proof that these circulating factors may play a role, sharing new insights regarding the relationship between HF and cancer incidence in a translational study.[62](#ejhf1539-bib-0062){ref-type="ref"} The first level of evidence was provided by studying if HF in a model susceptible to cancer would provoke tumour growth. It was demonstrated that post‐MI HF in a murine model of genetic pre‐cancerous colon adenomas (APC^min^ mice) resulted in enhanced tumour growth. Compared to sham‐operated mice, mice with HF demonstrated an increased amount and size of tumours, which resulted in a two‐fold to three‐fold increase in tumour load in the intestine. Excess tumour progression was correlated with markers of cardiac remodelling, such as left ventricular ejection fraction and myocardial fibrosis. To further extend and validate these findings, a second model without haemodynamic impairment was investigated and again the presence of a failing heart accelerated tumour growth. It was postulated that cardiac‐derived proteins might exert exocrine effects on tumour cells (*Figure* [2](#ejhf1539-fig-0002){ref-type="fig"}).[63](#ejhf1539-bib-0063){ref-type="ref"}

![Hypothesis of the interplay between cardiac‐derived proteins of a failing heart and cancer, and vice versa. Reproduced with permission from Richards.[63](#ejhf1539-bib-0063){ref-type="ref"}](EJHF-21-1515-g002){#ejhf1539-fig-0002}

Using existing proteomic databases, several candidate proteins that are demonstrated as to be secreted by the failing heart into the blood stream, and that have proven effects on colon tissue, were identified and further investigated *in vitro*. One of the factors -- alpha 1‐antichymotrypsin (SERPINA3/ACT) -- dose‐dependently accelerated tumour growth via phosphorylation of Akt and rpS6 *in vitro*.

Corroborating evidence was obtained by mapping new‐onset cancer in a community‐based cohort study with 8592 subjects, and a mean follow‐up of 12 years. During this period, 1132 subjects (13.1%) were diagnosed with cancer, 132 (11.7%) with colorectal cancer. At baseline, a large panel of biomarkers was measured. Strikingly, N‐terminal pro‐B‐type natriuretic peptide (NT‐proBNP), known for its established diagnostic and prognostic performance in HF,[64](#ejhf1539-bib-0064){ref-type="ref"} independently predicted new‐onset cancer.[62](#ejhf1539-bib-0062){ref-type="ref"} When patients were stratified based upon their NT‐proBNP levels at baseline, patients with the highest tertile of NT‐proBNP clearly demonstrated a higher incidence of all‐cause cancer (*Figure* [3](#ejhf1539-fig-0003){ref-type="fig"}) and also for colon cancer. These data suggest that cardiac production and the secretion of certain (bio)markers not only signal myocardial damage, but also affect distant tumour growth, possibly via exocrine effects.

![Cumulative incidence of cancer according to N‐terminal pro‐B‐type natriuretic peptide (NT‐proBNP) tertiles. Reproduced with permission from Meijers *et al*.[62](#ejhf1539-bib-0062){ref-type="ref"}](EJHF-21-1515-g003){#ejhf1539-fig-0003}

In an accompanying editorial it was discussed that these results will stimulate further delineation of the connections between HF and cancer.[65](#ejhf1539-bib-0065){ref-type="ref"} In addition, in the same issue of the Journal, this line of research was further emphasized by a review focused on possible underlying mechanisms like inflammation and neuro‐hormonal activation by Bertero and colleagues.[66](#ejhf1539-bib-0066){ref-type="ref"} These new data provide some first evidence that the condition of HF *per se* may lead to an environment of increased susceptibility to cancer development or growth.

Other pathophysiological mechanisms link heart failure and cancer {#ejhf1539-sec-0012}
=================================================================

Besides the above mentioned direct link between HF and cancer, chronic activation of several systemic systems may -- at least in part -- explain the interplay between the heart and the function or dysfunction of peripheral organs, including cancer. In this paragraph we discuss the role of neuro‐hormonal activation, oxidative stress, inflammation and the immune system.

Neuro‐hormonal activation {#ejhf1539-sec-0013}
-------------------------

Activation of the renin--angiotensin--aldosterone system (RAAS) is one of the central compensatory homeostatic responses in HF. RAAS activation initially aims to uphold blood pressure and cardiac output by vasoconstriction and cardiac hypertrophy; however, chronic activation triggers detrimental effects to the heart, kidneys and blood vessels.[67](#ejhf1539-bib-0067){ref-type="ref"} Besides a systemic RAAS, most target organs are equipped with a local RAAS with a differential expression of RAAS hormones and receptors in the heart, blood vessels and kidneys, as well as in different forms of cancer.[68](#ejhf1539-bib-0068){ref-type="ref"} For instance, the increased expression of angiotensin II receptor type 1 (AT1R) in cancer biology is associated with more advanced tumours and a worse prognosis.[69](#ejhf1539-bib-0069){ref-type="ref"} On the other hand, the modulation of the RAAS may affect tumour growth, although data are inconsistent. Overall, the angiotensin II (AngII)/AT1R axis is deemed to enhance tumour growth, whereas AngII/AT2R signalling exerts the opposite effect.[68](#ejhf1539-bib-0068){ref-type="ref"} The measurement of RAAS hormones plays no role in daily HF care, but RAAS inhibition, e.g. by angiotensin‐converting enzyme inhibitors (ACEi) or angiotensin II receptor blockers (ARBs), is the cornerstone of treatment. These therapies will be discussed in the following paragraphs.

Oxidative stress {#ejhf1539-sec-0014}
----------------

One of the major contributors of oxidative stress is the reactive oxygen species (ROS) family of molecules. ROS plays an important role in both HF and cancer.[70](#ejhf1539-bib-0070){ref-type="ref"}, [71](#ejhf1539-bib-0071){ref-type="ref"} It is known that the heart is a high energy consumer that primarily relies on mitochondrial oxidative phosphorylation, which also plays an essential role in cancer progression.[72](#ejhf1539-bib-0072){ref-type="ref"} Experimental research provides evidence that dietary fibre supplementation has beneficial effects on oxidative stress in cardiac tissue[73](#ejhf1539-bib-0073){ref-type="ref"} and reduces the incidence of cancer.[74](#ejhf1539-bib-0074){ref-type="ref"} Further, increased glycolysis occurs in HF, and glucose oxidation is impaired, resulting in the production of lactate. One of the characteristics of cancer is altered mitochondrial oxidative metabolism, resulting in increased glycolysis. This is associated with cells that rapidly proliferate, such as tumour cells. Key players and modulators in this process include pyruvate dehydrogenase (PDH) and PDH kinases (PDK). PDH limits the rate of glucose oxidation and is responsible for the mitochondrial decarboxylation of pyruvate to acetyl coenzyme A.[75](#ejhf1539-bib-0075){ref-type="ref"} PDK can phosphorylate and inhibit PDH. In HF, PDK is up‐regulated and PDH is phosphorylated and inhibited.[75](#ejhf1539-bib-0075){ref-type="ref"} A similar up‐regulation of PDK and inhibition of PDH also occurs in tumour cells.[76](#ejhf1539-bib-0076){ref-type="ref"} Dichloro‐acetate, a PDK inhibitor that results in enhanced PDH activity, has demonstrated in HF studies to lower ischaemic injury and improved cardiac function,[77](#ejhf1539-bib-0077){ref-type="ref"} while also reducing cancer development.[76](#ejhf1539-bib-0076){ref-type="ref"} Although these observations are intriguing, there is no convincing proof for causation and additional research will be required to provide robust evidence if targeting this pathway might benefit both HF and cancer development.

Inflammation {#ejhf1539-sec-0015}
------------

Inflammation is closely related to HF, although the degree of inflammation is generally regarded as low intensive.[78](#ejhf1539-bib-0078){ref-type="ref"} Numerous pro‐inflammatory cytokines are elevated in HF, especially during the progression of the disease, supporting the hypothesis that inflammation contributes to HF development.[79](#ejhf1539-bib-0079){ref-type="ref"} Enhanced inflammation in HF for example leads to bone marrow dysfunction.[80](#ejhf1539-bib-0080){ref-type="ref"} However, no direct proof exists that the release of pro‐inflammatory cytokines or certain inflammatory cells from the heart affect tumour cells or tumours. Nevertheless, it is plausible that cardiac‐derived inflammatory factors can exert downstream effects due to the well‐described role they play in tumour growth.[81](#ejhf1539-bib-0081){ref-type="ref"} Furthermore, the study of Meijers *et al*.[62](#ejhf1539-bib-0062){ref-type="ref"} also investigated inflammatory factors such as high‐sensitivity C‐reactive protein and mid‐regional pro‐adrenomedullin and demonstrated that these were predictive of new‐onset cancer.

Supportive evidence that inflammation is at the crossroads of CV disease and cancer was provided by the recently published CANTOS trial. In this phase III trial, the IL‐1β blocker canakinumab was investigated in patients who had experienced MI, with the aim to test the hypothesis that IL‐1β inhibition attenuated future coronary events. The treatment with canakinumab resulted in a 25% reduction in major adverse CV events in comparison to placebo (HR 0.75, 95% CI 0.66--0.85).[82](#ejhf1539-bib-0082){ref-type="ref"} Yet strikingly, the same intervention, significantly and dose‐dependently, reduced lung cancer incidence and lung cancer mortality \[highest dose (300 mg) HR 0.33, 95% CI 0.18--0.59; *P* \< 0.0001 and HR 0.23, 95% CI 0.10--0.54; *P* = 0.0002, respectively\].[83](#ejhf1539-bib-0083){ref-type="ref"} Thus, this study links CV disease to cancer, positioning inflammation as a central player.

Immune system {#ejhf1539-sec-0016}
-------------

Dysfunction of the immune system is linked to the development of both cancer and HF.[84](#ejhf1539-bib-0084){ref-type="ref"}, [85](#ejhf1539-bib-0085){ref-type="ref"} Influx of different immune cells is a necessity in the early response to injury, in an effort to limit and repair initial damage, but chronic activation seems to exert adverse effects.[86](#ejhf1539-bib-0086){ref-type="ref"} A complete overview of the immune system (dys)function and HF has recently been published by the Working Group on Myocardial Function of the European Society of Cardiology.[87](#ejhf1539-bib-0087){ref-type="ref"} The aetiology of HF varies, and therefore most likely also the pathophysiological mechanisms that influence the immune activation.

For example, in post‐MI patients, within hours neutrophils are the first to invade the heart and start a pro‐inflammatory phase. The next proliferative phase is characterised by infiltration of macrophages, resolution of dead tissue, and the beginning of scar formation (days 3--30). This is followed by the remodelling phase, during which the inflammatory response should decrease and the non‐infarcted myocardium undergoes pathophysiological changes. Cytokines and innate immune receptors regulate the invasion of inflammatory cells after MI. On the other hand, in HFpEF, more driven by obesity, hypertension, diabetes, and metabolic syndrome, other elements of the immune system may come into play. This phenotype is characterised by cardiac hypertrophy and fibrosis. Cardiac macrophages are involved in inducing cardiomyocyte death and interstitial fibrosis in the HFpEF heart. Depletion of cardiac macrophages reduced hypertrophic cardiomyocyte growth in hypertension. Nevertheless, the exact working mechanism is unknown.

In cancer, an inadequate immune system is correlated with cancer development and the occurrence of metastases.[88](#ejhf1539-bib-0088){ref-type="ref"} Several aspects and elements of the immune system may be viable targets for therapy. In fact, currently, the use of immune therapy in cancer is a booming business, and spectacular results have been observed for immune checkpoint inhibitors.[89](#ejhf1539-bib-0089){ref-type="ref"} With the more wide use of these drugs, however, it has emerged their use may be limited by life‐threatening cases of myocarditis, which furthermore suggest that interference with the tumour immune system may go at the expense of the well‐regulated myocardial immune system.[90](#ejhf1539-bib-0090){ref-type="ref"} With the ever‐expanding use of immunotherapy in cancer there is a clear need for registry data to monitor unexpected and rare myocardial complications of such therapies.[91](#ejhf1539-bib-0091){ref-type="ref"}

Thus, essential systemic regulatory systems such as inflammation, neuro‐hormonal, oxidative stress and the immune system share pathophysiological mechanisms between HF and cancer. In line with this, several co‐morbidities, particularly chronic inflammatory diseases, have been linked to both HF and cancer incidence.[92](#ejhf1539-bib-0092){ref-type="ref"}, [93](#ejhf1539-bib-0093){ref-type="ref"} These will be discussed in the next paragraph.

Cardiovascular drug: inducer or repressor of incidence cancer? {#ejhf1539-sec-0017}
==============================================================

Causality is difficult to prove given the complexity of the intertwining pathways and the lack of targeted intervention trials. In the event that specific (CV) drugs counteract (CV) risk factors that are also associated with cancer development, or when they attenuate left ventricular remodelling, one could hypothesise that such treatments should reduce cancer onset as well, in line with the hypothesis that CV risk factors and HF may cause cancer. However, since CV drugs generally are aimed to reduce CV‐related mortality, one could also anticipate that cancer‐related mortality might seemingly increase, due to competing risks (less HF‐related death might in part be associated with more cancer‐related death). So, a priori hypothesizing what effect CV drugs might have for cancer‐related death, in either way, is troublesome.

To date, three large meta‐analyses have been published that investigate the effects of anti‐hypertensive drugs in light of new‐onset cancer. In a large meta‐analysis in which all classes of anti‐hypertensive drugs were studied, it was observed that a 5.0--10.0% relative increase in the risk of cancer or cancer‐related death existed in those using ARBs, ACEi, β‐blockers, diuretics and calcium channel blockers (CCBs).[94](#ejhf1539-bib-0094){ref-type="ref"} However, two other meta‐analyses that were published subsequently did not confirm these data.[95](#ejhf1539-bib-0095){ref-type="ref"}, [96](#ejhf1539-bib-0096){ref-type="ref"} ARB use and the risk of cancer in type 2 DM demonstrated a negative association for losartan \[odds ratio (OR) 0.78, 95% CI 0.63--0.97\] but a positive association for candesartan (OR 1.79, 95% CI 1.05--3.06) and telmisartan (OR 1.54, 95% CI 0.97--2.43) with the overall occurrence of cancer. Currently, no mechanism can explain these observations.[97](#ejhf1539-bib-0097){ref-type="ref"} Clearly, the data for anti‐hypertensive agents are not straightforward and the importance of hypertension for cancer development has yet to be fully established.

Another established treatment in preventing adverse events in patients with CV disease is aspirin. Recently it was observed that low‐dose aspirin in a low--medium CV risk population did not result in a lower cancer incidence.[98](#ejhf1539-bib-0098){ref-type="ref"} Aspirin as several working mechanisms, for example in CV disease, leads to antiplatelet effects, whereas in cancer it works via cyclooxygenase‐dependent and cyclooxygenase‐independent mechanisms.[99](#ejhf1539-bib-0099){ref-type="ref"} It has been demonstrated that using low‐dose aspirin compared with no aspirin was associated with a markedly higher sensitivity for detecting advanced colorectal neoplasms.[100](#ejhf1539-bib-0100){ref-type="ref"}

Lastly, statins are not associated with reduced cancer incidence but the evidence is inconclusive.[101](#ejhf1539-bib-0101){ref-type="ref"}

Gaps in evidence and future suggestions {#ejhf1539-sec-0018}
=======================================

Awareness of the cardio‐oncology field is growing, but several questions remain unanswered and additional pre‐clinical and clinical studies are dearly needed.

At present, few pre‐clinical models of CV disease are studied in the setting of cancer development, which could help to unravel the emerging relationship in a scientific, systematic, and temporal manner. We lack data regarding specific circulating factors or pathophysiological mechanisms linked to specific forms of cancer. In clinical trials, both the cardiologist and oncologist, but especially the multi‐morbid patient, would be served with precise phenotyping of both CV as cancer history, risk factors, and treatment regimens, and to precisely define CV and cancer endpoints, to more effectively study the interplay between the diseases. We thus advocate to more systematically record cancer‐related endpoints in CV trials, and CV endpoints in oncology trials.

In addition to these research aspects, clinical awareness and expertise are essential for the optimal treatment of patients having developed cancer with a history of CV disease, or who develop CV disease with a history of cancer. With the growing prevalence of CV disease in western society, the number of these patients will further increase. We postulate that certain windows of opportunity exist within HF management programmes wherein early detection of cancer might be possible. Every hospital visit, either at the outpatient clinic or an admission via the emergency department, could lead to detection of cancer during the physical, biochemical or radiological examination. Furthermore, anticoagulant therapy is commonly prescribed by cardiologists \[e.g. for concomitant atrial fibrillation, coronary artery disease, or prosthetic (valve) material\], and this may cause small tumours and polyps to bleed and, as such, provide a higher sensitivity for certain tests. Shared risk factors and pathophysiological mechanisms should prompt general practitioners and specialists to be aware of a possible concomitance of both diseases.[30](#ejhf1539-bib-0030){ref-type="ref"} And finally, within clinical trials, both CV and cancer endpoints should ideally be adjudicated by a multidisciplinary team of experts, so that valid data in both domains can be collected and analysed. All these factors will help to create awareness of cancer detection in patients with HF. We summarised these topics in *Table* [3](#ejhf1539-tbl-0003){ref-type="table"}.

###### 

Factors that may explain (early) cancer detection in patients with heart failure

+---------------------------------------------------------------------+---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------+
| Heart failure management events                                     | Detection of cancer by                                                                                                                                                                            |
+:====================================================================+:==================================================================================================================================================================================================+
| Heart failure‐related hospital visits (outpatient and/or admission) | Physical, biochemical and radiological examinations                                                                                                                                               |
+---------------------------------------------------------------------+---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------+
| Use of oral anticoagulants                                          | Blood loss from tumour prone to bleeding; more sensitive oncological testing                                                                                                                      |
+---------------------------------------------------------------------+---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------+
| Cardiovascular risk factor                                          | Shared risk factors -- relevance for cancer detection                                                                                                                                             |
|                                                                     |                                                                                                                                                                                                   |
|                                                                     | Regular visits to cardiologist and/or general practitioner                                                                                                                                        |
+---------------------------------------------------------------------+---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------+
| Shared pathophysiological mechanisms                                | Knowledge exchange and research may improve cancer awareness in heart failure patients among cardiologists and oncologists; to date unclear if this will translate into better patient management |
+---------------------------------------------------------------------+---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------+
| Trial inclusion and execution                                       | Cardiovascular and cancer endpoints; state‐of‐the‐art endpoint adjudication                                                                                                                       |
+---------------------------------------------------------------------+---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------+

Conclusion {#ejhf1539-sec-0019}
==========

Cancer is a frequent co‐morbidity in patients with HF, and existing data suggest that a pathophysiological connection exists between the two. Circulating factors directly link both diseases, and shared pathophysiological mechanisms may explain the interactions, but the relation is very complex. Comprehensive and detailed studies will be needed to elucidate the connection between CV disease in general, HF and cancer. A new research agenda will provide insights, proposals for surveillance strategies, and are eagerly awaited.
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